INTRODUCTION
Water is one of the most important available resources on the earth. It is vital to all forms of life. Water exist in lotic (rivers and streams) and lentic (ponds, marshes and lakes) habitats (Bhat et al., 2014; Raut and Shembekar, 2015) . Nozha hydrodrome is an isolated part of Lake Mariut. It is enclosed nearly circular freshwater body. Since 1960, it is exploited as fish pond. It receives its fresh water from the Mahmoudia canal through a small feeder canal. In the last two decades, the hydrodrome received its water through several drains that discharge untreated domestic and agricultureal effluents into it (Moustafa et al., 2009; Rifaat and Ahdy, 2011) .
On the other hand, zooplankton plays a vital role in food web of aquatic ecosystems by linking the primary producers and high trophic levels (Gupta et al., 2016) .It is one of the most important biotic components influencing all the functional aspects of an aquatic ecosystem, such as food chains, energy flow and cycling of matters (Trivedi et al., 2015) . Zooplankton is very sensitive and responds more quickly to environment alteration, nutrient enrichment and different levels of pollution, which lead to change in plankton communities in terms of tolerance, abundance, diversity and dominance in the habitat (Madhusudhana et al., 2014) .
The distribution of zooplankton community depends on a complex of factors, such as change of climatic conditions, physical, chemical parameters of water, vegetation cover and biological interactions (Abdulwahab and Rabee, 2015) . It is also useful for general monitoring of certain aspects of the environment as eutrophication, pollution, warming trends and long-term changes, which are sign of environmental disturbance (Al-Ghanim, 2012) .
The abundance and species diversity of zooplankton are used to determine and evaluate the conditions of aquatic environment (Goswami and Mankodi, 2012) . Hence, zooplankton serves as bioindicator and it is well tool for assessment the health of water bodies (Xiao et al., 2012) .So, studies on zooplankton composition, physical and chemical characteristics of water are necessary to obtain complete knowledge on the quality of water (Rajagopal et al., 2010) .
The present work aimed to study the impact of physical and chemical parameters on zooplankton population, composition and diversity in Nozha hydrodrome.
MATERIALS AND METHODS Study area:
Nozha o N) with a surface area of about 5.5 Km 2 and an average water depth 2.1m. It is a natural shallow freshwater wetland and it was used as fish culture with an average production of 200-250 t.y -1 (Fig.1) . 
Sampling:
Samples of water and zooplankton were collected monthly for one year from six sampling sites in Nozha hydrodrome, during the period from December 2015 to November 2016.
Physical and chemical parameters:
Water temperature (T) and dissolved oxygen (DO) were measured by oxygen meter (model YSI 55).Hydrogen ion concentration (pH) was detected using pH meter (model 301). All chemical parameters were determined according to APHA (2000) .
Zooplankton:
Samples of zooplankton were collected from the selected sites by filtering 30 liters of surface water through a zooplankton net 55µm mesh diameter. The sediment samples were kept in plastic bottles with some water, and preserved in 7% formalin (APHA, 2000) . The counts of zooplankton were performed using Sedgwick-Rafter cell under a binocular microscope and specimens were identified to genera levels. The main taxonomic references used for identification of zooplankton were Pennak (1953) and Edmondson (1966) . Zooplankton density was expressed as number of organisms per litter. Shannon diversity index was calculated for analysis of species diversity.
Statistical analysis:
The variation in the water parameters and zooplankton in different months were assessed using one way analysis of variance (ANOVA). The correlation coefficient(r) was calculated for determining the type of relation between physico-chemical parameters and the dominant zooplankton, according to SPSS software (version 16)
RESULTS AND DISCUSSION
The data of physico-chemical parameters of different water samples from Nozha hydrodrome are presented in Table ( There was highly significant variations of its values during different months (p<0.001). The decrease or increase in water temperature depends mainly on the climatic conditions, sampling times, sun shine hours and it is also affected by specific characteristics of water environment such as turbidity, wind force, plant cover and humidity (Khalifa and Sabae, 2012) .
Hydrogen ion concentration (pH) is the master control parameter in aquatic environment for the chemical and biological transformation of water. The pH values of water were in alkaline side at all sites, with significant monthly differences (P<0.01). However, the maximum value was recorded during December and January with mean values of 9.07 and 8.99 respectively, but the minimum one was in April with mean value of 7.64. High pH value appeared concomitantly with the reduction of available free CO 2 , indicating active photosynthesis of freshwater phytoplankton (Wu et al., 2014) .Whereas low pH value probably related to the decrease of phytoplankton density and the decomposition of organic matter, that leads to decrease in pH (Toufeek and Korium , 2015) .
Dissolved oxygen values varied from a minimum mean of 4.67 mg/l in June to the highest mean of 6.88 mg/l in February. The elevation of water temperature and increase in oxidative of organic matter may be the reason in decrease of DO values in June (Khalifa and Bendary, 2016) , or due to the effect of pollution by sewage and agricultural wastes discharged in the water. Increase of DO at low water temperature may be attributed to the high solubility of oxygen and the activities of wind (Mahmoud et al., 2008) and the abundance of phytoplankton which enriched water with oxygen during photosynthesis (Rajagopal et al., 2010) or due to turbulence caused by boating activity. There was significant monthly variations in DO measurements (p<0.01) ( Table 1) .
Total alkalinity values increased during February and decreased in September, with a total mean of 820.7 mg/l. The high value during February may be related to shortage of water column and leaching bicarbonate from the soil to the water and presence of high amount of organic matter accessible to bacterial decomposition , where bicarbonate is the final product of the decomposition (Elewa et al., 2001) or due to growth of algae population, aquatic vegetation and photosynthetic activity which increase total alkalinity (Raina et al., 2013) .While the decrease may be attributed to the elevation of temperature that led to increase of carbonic acid which enhanced precipitation of calcium in carbonate form (Mohamed, 2008) . Table 1 : Monthly variations (means ± standard deviations) of some physico-chemical parameters of water samples collected from Nozha hydrodrome.
* P < 0.05 ** P < 0.01 *** P < 0.001
There was significant variation in total hardness concentration (P<0.001). The maximum value was recorded during July and the minimum was found in January with a total mean of 954.5 mg/l. The high value of hardness during July may be mainly due to high rates of evaporation, which lead to increase of concentration of dissolved minerals (Krishnamoorthi et al., 2011) . Sometimes decomposed materials such as vegetation and algae accelerate the total hardness (Raina et al., 2013) . The relative low value in January may be attributed to the carbonic acid decrease, leading to precipitation of CaCO 3 . This coincided with results of Ali (2007), who reported that the decrease of hardness may be due to the higher photosynthetic activity, which caused the release of carboxyl group that help in binding Ca with the carbonate group to form CaCO 3 .
Nitrate controls the whole aquatic system and also indicates the trophic level of the water body. Nitrate values ranged between 0.307 and 0.447 mg/l, while nitrites were 0.036 and 0.112 mg/l during April and January, respectively. The highest and the lowest total nitrogen values were observed in September (4.807mg/l) and April (2.903mg/l). There were significant monthly variations in nitrite and total nitrogen measurements (p<0.05, 0.001). The decrease of the nutrient concentration may be due to their fast absorption by the phytoplankton or their settlement in the sediment (ElOtify, 2015) . But the increase may be attributed to low number of phytoplankton and aquatic plants (Abd El-Hamed, 2014) or may be related to sewage effluents which originated from domestic and agricultural wastes. Ammonia concentrations increased in April with a mean value of 3.103 mg/l. This may be due to break down nitrogenous organic and inorganic matter in water, especially at high temperature and reduction of the nitrogen compounds by microorganisms, as well as the metabolic activity of fish and other aquatic organisms (Chapman, 1992) , also due to municipal waste water which enter the Nozha hydrodrome. While the lowest level of ammonia in September (0.702 mg/l) may be as the result of oxidation of ammonia into NO 2 then NO 3 (Abdo, 1998). There was highly significant monthly variation in ammonia (p<0.001).
Orthophosphate values varied from 0.080 to 0.24 mg/l during July and October respectively. While the maximum value of total phosphorus was recorded in January (0.421 mg/l), and the minimum in May (0.254 mg/l). There were significant monthly variations in total phosphorus measurement (p<0.01). The increase of phosphorus compound was coinciding with rapid decrease in phytoplankton and hydrophytes, but the decrease attributed to their biomass increase (Abd El-Hamed, 2009 ). Moreover, the increase may be due to agricultural runoff containing phosphate fertilizers as well as waste water (domestic) containing detergents. According to the standards stipulated by USEPA (2000) total phosphorus levels in oligotrophic, mesotrophic and eutrophic water bodies are 0.012, 0.012-0.024 and > 0.024 mg/l respectively. The present study had a total phosphorus level above 0.024 mg/l and therefore Nozha hydrodrome water can be classified as eutrophic ecosystem.
The data indicated that zooplankton in Nozha hydrodrome is represented by fifteen genera belong to four groups: Rotifera, Copepoda, Cladocera and Ostracoda, forming 82.59%, 12.33 %, 3.86 % and 1.22 % of the total zooplankton population, respectively (Fig.2) . The lowest density of zooplankton was recorded during July (44.25 org/l), while the highest was in January (2504.5 org/l) ( Table 2 ). This may be due to high nutrients, favorable temperature and DO conditions. Similar results have been reported by Bhat et al. (2014) , that may be attributed to high pH. When pH range is between 6.0 and 8.5, this indicates medium productive, more than 8.5 highly productive and less than 6.0 low productive nature of water (Sulehria et al., 2013) . Rotifera constituted the most dominant group. This is in conformity with the findings of Al-Ghanim (2012), Na et al. (2014) , Raut and Shembekar (2015) , Abdel Mola and Ahmed (2015) and Khalifa and Bendary (2016) in fresh waters as rivers, lakes and ponds. The dominance of Rotifera was explained to be due to their reproductive success ,predation pressure from planktivorous fishes that selectively prey on larger sized zooplankton and short developmental rates under favourable conditions in most fresh water systems (Imoobe and Adeyinka, 2009 ), or may be related to high dispersal ability. Rotifera distribution followed the same trends observed for total zooplankton with a mean of 2645.6 org/l ( Table 2) . The low Rotifera population that has been recorded during July may be attributed to higher predation rates (Crispim et al., 2013) , while the increase during January may be due to high trophic level of the water and low level of water (Singh et al., 2002) . Fiorenza et al. (2003) reported that the increase in the number of Rotifera taxa may be indicative of a shift in the trophic condition.This eutrophication affects zooplankton composition, shifting the dominance from larger species to smaller ones (Rotifera) (El-Shabrawy, 2000). Table 3) . Presence of Brachionus sp. forming 49.64 % of the total zooplankton population, which was the most common Rotifera in Nozha hydrodrome pointed that the hydrodrome is approaching toward eutrophication and is organically polluted. This is agreement with Saad et al. (2013) , Elfeky and Sayed (2014) and Abdel Mola and Ahmed (2015) . Parveen and Abdel Mola (2013) found that the presence of Brachionus sp. with high number indicating eutrophication in the water body and this genus has the ability to tolerate pollution. It is also good indicator of water quality and can be used for the ecological monitoring of water bodies (Bhat et al., 2013) . Keratella sp. and Filinia sp. are common rotifers with a wide range of tolerance to different physico-chemical conditions (Bhat et al., 2014; Elfeky and Sayed, 2014) , and they are considered as good indicators of eutrophication and pollution (El-Bassat, 1995) . Rotifera species have the ability to resist some degree of eutrophication and some kind of pollution, so classified as bioindicators of water quality (El-Shabrawy and Khalifa, 2002) .
Copepoda species formed the second most abundant group of zooplankton. They increased during January (1392 org/l) and decreased in December (54 org/l) and July (69 org/l), respectively. This may be due to the effect of pollution in hydrodrome, where El-Serafy et al. (2009) in lake Nasser, Egypt which attributed to good environment condition of the lake. Bhanja et al. (2014) reported that presence of copepods indicating that water quality is good. Nauplii larvae were always higher than the densities of total Copepoda stages (Zakaria et al., 2007) , this may be attributed to wide tolerance to variety of environmental factors as well as predation intensity to adult forms (Sampaio et al., 2002; Abdulwahab and Rabee, 2015) . Cladocera species formed the third common zooplankton group. They increased during September and decreased in April and July, respectively, with a mean value of 123.5 org/l (Table 2 ). This may be explained as the grazing impact of planktivorous fishes (Basima et al., 2006) , where Cladocera comprised the food of adults of many fish species .The maximum abundance of Cladocera during September may be due to the presence of extensive banks of macrophytes, which allow a greater heterogenecity of the environment, and results in the availability of more niches (Gauravi and Rana, 2003) . Cladocera was represented by Diaphanosoma sp. (41.5%), Moina sp. (28.07%), Ceriodaphnia sp. (21.25%) and Bosmina sp. (9.18%) (Table3). The presence of Diaphanosoma sp. and Bosmina sp. is usually associated with eutrophic environment (Raina et al., 2013) . Also, Padmanabhe and Belaghi (2008) and Saad et al. (2013) reported that Moina sp. and Bosmina sp. were pollution tolerant species and indicated high level of organic pollution as a result of high organic load. Ostracoda was represented by one genus; its number increased during February (224 org/l) then decreased in number and disappeared during most of months. In the present study, they contributed least density in total zooplankton because they are benthic in nature, but become planktonic when water disturbs which brings them to surface (Ahmed et al., 2012) .
Many zooplankton species disappear with eutrophication are mainly due to toxins produced by algal blooms especially by cyanabacteria blooms and also clogging of their filter feeding apparatus by algal cells (Sangakkara and Wijeyaratne, 2015) . This may be attributed to the presence of less number of species of zooplankton in the hydrodrome, which is eutrophic.
In Nozha hydrodrome, Shannon diversity index ranged from 0.928 to 1.443 in July and March respectively, with a mean value of 1.198 (Table 2) . The low values indicate to low diversity of species and population of zooplankton. Diversity indices are good indicators of pollution in aquatic ecosystems (Mason, 1998) .The relation between diversity index and pollution status of aquatic ecosystem are classified as follows: > 3=clean water,1-3=moderately polluted, < 1=heavily polluted. (William et al., 2002) . The results indicated that Nozha hydrodrome is moderately polluted and eutrophic, according to diversity index and the standards stipulated by USEPA (2000) .
Statistical analysis:
From the correlation coefficient of physico-chemical parameters (Table 4) , it was found that pH had positive correlation (p<0.01, 0.05) with dissolved oxygen, total alkalinity and total phosphorus (r=0. 431, 0.449 and 0. 29) . This indicates that pH affects the solubility and availability of most nutrients, and how they can be utilized by aquatic organisms (Osman and Werner, 2010) . T.P 1 * P < 0.05 ** P < 0.01 *** P < 0.001
While water temperature was high positively with total hardness and ammonia (r=0.562 and 0.325), where high temperature lead to increase in the rate of ammonification process that converting the organic matter to ammonia (Abd El-Hamed, 2009), and it increases the concentration of minerals in water. Moreover, nitrate had positive correlation (p<0.01) with nitrite, total nitrogen and orthophosphate. These results agree with those observed by Abubakar and Abdullahi (2015) . Total alkalinity with ammonia, total hardness and total phosphorus had positive correlation (r = 0.351, 0.437and 0.295). These results are in accordance with the study of Abd El-Hamed (2014).
A negative correlation was observed between water temperature and dissolved oxygen (where temperature plays important role in the solubility of oxygen), pH, nitrite, total nitrogen, orthophosphate at p<0.01 and 0.05. These are coincided with results of Ahmed et al. (2012) , Sulehria et al. (2013) and Toufeek and Korium (2015) .While nitrate and nitrite had negative relation (p<0.05, 0.01) (Table 4) with dissolved oxygen, total alkalinity and total hardness. Similar observation was previously obtained by Abd El-Hamed (2014). Ammonia had negative correlation with pH, total phosphorus and total nitrogen (r = -0.284, -0.254 and -0.736), and this agrees with Mohamed (2005) .
The variation of zooplankton and their monthly abundance are greatly related to water parameters. The correlation between different zooplankton groups and physicochemical parameters are shown in Table (5) . Pearson correlation analysis indicated that Rotifera population had negative relation (p< 0.01, 0.05) with water temperature (most Rotifer species prefer cold water) (El-Bassat, 1995 and Aboul Ezz et al., 2014) , total hardness and total alkalinity (r= -0.323, -0.481 and -0.269), but the positive relations were found with nitrate and nitrite (r= 0.281 and 0.383). Similar correlations were recorded by Abdel Mola and Abd El-Rashid (2012), Khanam et al. (2014) , Menghong et al. (2014) and Sangakkara and Wijeyaratne (2015) . While Copepoda correlated negatively (p<0.05) with water temperature and total hardness. This agrees with the study of Parveen and Abdel Mola (2013) . Moreover, Cladocera had negative correlation with water temperature,total alkalinity and ammonia (r=-0.361, -0.305 and -0.236), and had positive relation with total nitrogen (p<0.05, r= 0.242). This is in conformity with the study of Dvurechenskaya and Yermolaeva (2014) and Menghong et al. (2014) .
Pearson correlation coefficient indicated that several environmental variables influence the zooplankton abundance and distribution, in particular water temperature, total alkalinity, total hardness, ammonia, total nitrogen, nitrite and nitrate. Similar observation was previously obtained by Bhanja et al. (2014) 
CONCLUSION
The results have been pointed to low zooplankton population throughout the study period, rotifers formed dominance group over the other groups and presence Brachionus sp, Keratella sp., Moina sp., Bosmina sp. and others which indicated to eutrophic environment and organic pollution. According to Shannon diversity index and USEPA (2000), the present study revealed that the Nozha hydrodrome is eutrophic and suffer from slight sign of pollution due to direct contamination from sewage, agricultural and industrial effluents from surrounded area. So, these pollutants must be treated before discharging into the hydrodrome. The present study also recommends that zooplankton can be used as indicators and complementary techniques in assessing health status of water bodies with physico-chemical parameters.
